T he Latin phrase ceteris paribus translates into English as "all other things being equal." The ceteris paribus concept is central to the application of the scientifi c method, but it becomes problematic in the study of sustainability issues in complex agricultural systems that are adaptive and continually changing over time (Giampietro 2004) . Factors other than those to be experimentally controlled and that are assumed to be consistent with ceteris paribus by experimental design may not actually be so because they are unrecognized or because they change during or after the experiment, rendering the interpretation of data fl awed or inapplicable. The ceteris paribus concept was implicitly assumed as appropriate and applicable to two studies that we recently undertook, in which ground beetles were treated as indicators of the sustainability and the benign character of certain management practices in a corn-soybean system.
Crop Residue and Carabids
We initiated a study of corn stover management practices because of the paucity of information about stover removal during or after grain harvest as a sustainable practice to provide a source of feedstock for biofuels production. Our experiment focused on the effects of crop residue levels on the diversity and on the seasonal activity of carabids as indicators of sustainability and soil productivity in the northern Corn Belt. Ground beetles also exhibit rhythmic diurnal cycles of activity that have been documented through the use of timesorting pitfall traps and actographs (Thiele and Weber 1968, Thiele 1977) . Most carabids (~60% of those studied) are nocturnal (Thiele 1977) , but some (~22%) are active during daytime hours, and others are active during both times. Thiele (1977) also found geographic and intraspecies variation in activity partitioned between nocturnal and diurnal phases. Using traditional and time-sort pitfall traps, we evaluated how stover removal strategies infl uence the communities of ground beetles.
Field studies were established in 2000 as replicated plots (30.5 × 30.5 m) of randomized complete block design (n = 18), where experimental treatments were corn stover removal by raking and baling after grain harvest, grain harvest only, and harvest for silage. Activity density of carabids was monitored by using a traditional single pitfall trap ( Fig. 1) , located in the center of each plot and opened for 48 h each week. Ancillary data also were taken using time-sort pitfall traps (Fig. 1 from the stover treatments and from soybean are shown for 2002 in Table 1 . Total numbers of all carabids collected were highest in grain corn and stover removal treatments and were lowest (by about half) in silage plots. Carabid activity as measured by the traditional pitfall traps was highest from about DOY 210 to 230 (Fig. 2) .
Diurnal activity of all ground beetles within each stover removal treatment is shown in Fig. 4 for 2002. The numbers of carabids collected in the rotating traps (Fig. 3) were noticeably lower in silage and stover removal plots than in the grain harvest plots. In the time-sort traps, activity was highest from about day of year (DOY) 180 to 220 (Fig. 3) , usually during the 3-h intervals (4 and 5) between 2100 and 0300 hours. A lesser period of activity occurred between DOY 250 to 275, primarily in the grain harvest plots (Fig. 3) . The periods during which the dominant species were active often did not coincide (Fig. 4) , suggesting that a degree of niche partitioning was present, allowing each species to compete for resources in overlapping habitats. It is also interesting to note that peaks in diurnal activity at Julian date 260 (Fig. 3) in the grain harvest plots are reduced in the silage and stover plots. In Fig. 4 , the corresponding peaks occur at Julian date 260 for Cyclotrachelus alternans ( Fig 4C) and Pterostichus permundus (Say) (Fig.  4Casey) . A similar comparison can be made for Brachinus ovipennis diurnal activity centered on Julian date 200 (Fig. 4LeConte ) which appears to account for the bulk of activity in the grain harvest plots (Fig. 3) at Julian date 200.
Results from the traditional pitfall traps suggest that stover removal affects ground beetle numbers no more than does harvest for grain and much less than does harvest for silage (Table 1) . Numbers of beetles were generally lower in the time-sort pitfall traps, possibly due to disturbance of residue cover necessary for servicing the rotating traps. Even so, the species-specific variation in diurnal activity suggests that certain species may be more sensitive than others to changes in crop residue or the pitfall trapping method, and thus our assumption of ceteris paribus is compromised for use of total beetle counts as an indicator.
Carabids as Nontarget Organisms in Corn Expressing Cry 3Bb1
In the second of the experiments, we proposed to examine risks to nontarget Carabidae associated with the introduction of transgenic corn for management of corn rootworm, Diabrotica spp. The global hypothesis of the study, which involved rootworm-resistant MON863 corn, nontransgenic isolines, and insecticide-treated corn as treatments, was that carabid beetle communities would not be affected adversely by the introduction of MON863 corn into the cropping system. Relatively large (2 ha) plots of corn (n = 4) were established within a production field (~65 ha) before soybean planting such that corn plots were separated from each other by soybean alleyways and from surrounding fields by soybean borders. The topography of this site is shown in Fig. 5 with treatment plots and pitfall No. of spp. @ 95% 11 10 9 9
Fig. 2. Total numbers of ground beetles plotted against Julian date for pitfall collections from corn plots that were subjected to stover harvest treatment. locations indicated. This site had about 30 m of vertical relief, and the highest points were defi ned by a ridge running from southeast to northwest through the plot area. There were wet areas along the northeast margin and in the southwest corner of the fi eld that did not extend into the experimental area. Traditional pitfall traps (Fig. 1) were used in the corn treatment plots and in the soybean borders and alleyways to characterize the possible effects of corn producing Bt toxins on the activity-density of ground beetles. Four pitfall traps per plot were placed near the center of the plot quadrats. Additional pitfall traps were placed in soybean alleyways and plot borders to serve as reference points for overall ground beetle activity and provide ancillary data to determine whether crop-specifi c spatial distributions of carabid were present and whether topography may have infl uenced carabid spatial distributions, independently of the treatments imposed. The position of each pitfall trap was georeferenced to allow mapping of ground beetle activity levels. Each trap was open continuously for 48 h/wk, and ground beetles were collected and identified to species. The study was continued a second year to examine possible effects from MON863 corn residue when the entire field was replanted to soybean. Previous plot borders and pitfall trap locations were established within 1 m of their 2002 locations using spatial coordinate data, and beetles were curated as in 2002.
Field site means (± SE) for total numbers of carabids collected during 2002 are listed by treatment in Table 2 . There were no significant differences between treatments at the 5% level (F = 3.144, df = 2, 9, P = 0.0922), suggesting that presence of MON863 residue did not affect carabid beetle abundance. This conclusion is supported by the fact that approximately equivalent numbers of beetles were collected from MON863 and isoline control plots and the lower numbers of beetles collected from isoline plots treated with Force. Topographic relief is shown in Fig. 5 overlaid with contours mapping spatial distributions for total catches encountered during 2002 (Fig. 5A) , when corn was present, and in 2003 (Fig. 5B) , when the field was replanted to soybean with corn residue present. Numbers of beetles were generally lower at the summit landscape positions (Fig. 5A ) in 2002 when corn plots were present. Conversely, higher numbers occurred at the summit positions and within areas where corn residue was present from the previous year, regardless of the previous corn treatment.
Crop-specific spatial variation also was apparent for some species. Agonum placidum (Say) exhibited an apparent preference for soybean alleyways and borders in 2002 (Fig. 6A) and 2003  (Fig. 6B) . Conversely, Poecilus lucublandus (Say) occurred in greater numbers in the corn plots in 2002 (Fig. 6C) and 2003 (Fig. 6D) . Because the spatial distributions of most carabids apparently were more related to topography (Fig. 5 ) than to treatment location or placement, it is questionable whether the intended evaluation of the response of nontarget organisms to a variable factor in the host plant was possible because of an overriding repose to other factor(s). In this case, topography (Fig. 5 ) and crop type (Fig. 6 ) exerted a strong influence on carabid dynamics and thus may have negated our assumption of ceteris paribus.
We conclude with the caveat that careful attention must be given to plot location and surroundings, in our case surrounding topography, in experimental settings where the intention is to control experimental error in a variable ecological setting. More detailed knowledge, beyond simple measures of gross population dynamics, of species-specific diurnal activity in relation to feeding habits, prey preference, and activity cycles of prey is important for understanding and enhancing the potential of ground beetles as beneficial predators of corn rootworms and other pests in a holistic approach to cropping systems. Such knowledge may also be helpful and even necessary for managing the potential impact of new technology, such as rootworm-resistant corn, or of significant changes in cropping practices, such as sustained stover removal, on predaceous beneficial ground beetle communities as positive indicators of agroecosystem health.
